Bovine brucellosis is a zoonosis known to be a major public health hazard of great economic importance worldwide. Its detection in cattle is frequently done using serological tests like Rose Bengal Plate Test (RBPT) and Competitive-Enzyme Linked Immuno Sorbent Assay (C-ELISA). Few studies have been conducted to compare the serological tests most commonly used to detect bovine brucellosis in Rwanda.
Introduction
Bovine brucellosis is an infectious and contagious disease usually caused by Brucella abortus, less frequently by Brucella melitensis, and occasionally by Brucella suis [1] .
It is a major zoonosis with an important economic and public health impact. Humans are infected either by direct contact with infected animals or by ingesting contaminated products, mainly unpasteurized dairy products [2] . Brucellosis in humans is characterized by a febrile flu-like syndrome, frequent chills, headaches and general weakness [3] .
In cattle, it is usually spread by the vaginal discharge of an infected cow or an aborted foetus. Infected breeding bulls can transmit the disease to cows at the time of service by infected semen. Among many other symptoms, abortion is the most obvious manifestation in cattle. It has been highlighted that infection in cattle does not necessarily lead to clinical signs [4] . Diagnosis based on clinical signs cannot be generalized to all age groups, especially in non pregnant heifers and male cattle, as abortion is the main clinical feature of this infection. Therefore, a definitive diagnosis must be supported by laboratory tests that depend on the isolation of Brucella from abortion material, udder secretions or from tissues removed at post-mortem. Presumptive diagnosis can be made by assessing specific cell-mediated or serological responses to Brucella antigens.
The common serological tests used for bovine brucellosis screening are RBPT and ELISA test [5] .
Rose Bengal plate test (RBPT) is based on agglutination of colored particulate antigen (killed Brucella organisms) by the antibodies present in the patient's serum [6] .
Although it is a simple, cheap and effective test, the RBPT is generally considered to be less sensitive than other tests like standard tube agglutination test (STAT), complement fixation test (CFT) and ELISA [6, 7] . ELISA has been claimed to be a good screening test whether used alone or in combination with the RBPT [7, 8] . It has been reported that, in average, RBPT has a low sensitivity (81.2%) and specificity (86.3%) compared to the sensitivity (97.7%) and the specificity (90.5%) of C-ELISA and compared to the sensitivity (96%) and the specificity (93.8%) of the Indirect-ELISA in detecting bovine brucellosis [7] .
Evidence of bovine brucellosis and its public health significance has been reported by several authors in Africa [4, 5, [9] [10] [11] . The disease has been reported as enzootic in Rwanda [12] [13] [14] . However, as far as we know, in Rwanda no studies have been conducted on the comparison of RBPT and C-ELISA in detection of Brucella antibodies in cattle even if these two tests are commonly associated during the screening of the disease [1, 5, 7, 15] .
The present study was therefore, undertaken to compare two serological tests (RBPT and C-ELISA test) in detection of bovine brucellosis in Kigali city.
Materials and Methods
To compare the RBPT and C-ELISA test in detecting Bovine brucellosis in Kigali city, the used data were provided by the Rwanda Agriculture Board (RAB), the unit of Veterinary Services. Data were collected during the routine countrywide disease surveillance in October 2010. During the disease surveillance, a big number of sera were collected in the whole country to detect bovine brucellosis antibodies using RBPT and C-ELISA test. Only sera collected in the capital of the country, Kigali, were used in this study.
Study population and sampling
Cattle population in the suburban areas of Kigali city was targeted by the surveillance. In the three districts (Nyarugenge, Kicukiro and Gasabo) of Kigali city, cattle farms were selected randomly with an objective of getting the maximum of farms. All cattle present in each selected farm were included in the sample. Randomly, 157 farms were selected where 2017 cattle were subjected to blood sample collection.
Blood samples were collected from either the jugular or coccygeal vein using sterile plain vacutainer tubes. Other collected information was the district where the farm is located, the farm owner, the cattle identification and the cattle's sex. Blood samples were put in cool boxes with ice and were transported to the Rwanda Agriculture Board Laboratory-unit of serology. At the laboratory blood were centrifuged. The obtained sera were aliquoted into small serum vials and stored in freezers at -20 °C until the time for analysis.
Serology
All collected serum samples were screened by The RBPT according the procedure described by Alton et al. (15) . Briefly, the sera and antigen were brought to room temperature for 45 min before use. One Brucella positive and one negative reference samples were used on each plate. Equal volumes (30μl) of serum and antigen (concentrated suspension of B. abortus, Weybridge strain 99; Institut Pourquier, France) were mixed and rotated on a glass plate for 4 minutes. Presence of agglutination was regarded as positive.All sera were also tested by the C-ELISA, SVANOVIR ® Brucella-Ab C-ELISA (Svanova, Sweeden) using the protocol described by the manufacturer:
In this procedure, the samples are exposed to Brucella abortus smooth lipopolysaccaride (S-LPS) coated wells on microtiter plates together with mouse monoclonal antibody (mAb) specific for an epitope on the o-poly-saccharide portion of the S-LPS antigen. After an incubation period the microplate is washed and goat anti mouse IgG antibody conjugate with hoseradish peroxidise (HRP) is added which binds to any mAb's bound to S-LPS on the plate. Unbound materials are removed by rinsing before the addition of the substrate solution. Color development is due to the conversion of the substrate by the conjugate. Stop solution is added and the optical density is measured by microplate photometer at 450nm. In the absence of anti-Brucella antibody in the test serum (negative), the mAb binds to the o-polysaccharide epitope of the S-LPS antigen and is indicated by color development. If the test serum contains Brucella specific antiboies (Positive) they compete with the mAb for the epitope sites and inhibit the mAB binding to the o-poly-saccharide portion of S-LPS antigen and subsequent color development.
Data analysis
Collected information and laboratory results were entered into a Microsoft Excel spread sheet and descriptive statistics were performed.
Statistical comparisons between qualitative variables were done using the chi-square test at p<0.05 and the agreement between RBPT and C-ELISA in detection of bovine brucellosis in Kigali was estimated using Kappa test (when Kappa=1 indicates perfect agreement, whereas Kappa=0 indicates that there is no agreement). The Statistical Package for the Social Sciences (SPSS) version 16 .0 has been used in statistical analysis.
Results
The study included 2017 cattle representing 157 Farms. Male and female cattle from the three districts of Kigali city were all represented with a high representation of female (96.2%) as illustrated in the Table  1 . All serum samples were tested by both RBPT and C-ELISA for bovine brucellosis detection.
With RBPT an overall prevalence of 2.03% was obtained while C-ELISA test gave a prevalence of 1.7% .Only female were found to be infected.
The district of Kicukiro had the highest prevalence for both RBPT (4.43%) and C-ELISA (3.94%) while Gasabo district had the lowest prevalence (RBPT=0.78%; C-ELISA=0.52%) ( Table 2) .
For both tests, it was noticed that the difference of prevalence across districts was statistically significant (p<0.05).
The comparison of the two tests in detection of bovine brucellosis
has shown that all positive cattle to C-ELISA test were positive RBPT. But the other sense was not true; there were some false positives on RBPT ( Table 3) .
The chi square test showed that the observed difference in prevalence given by RBPT and the prevalence given by C-ELISA was significant (p<0.05) but the agreement between the two tests was found to be excellent because the calculated kappa test was close to 1(Kappa=0.92).
Discussion
This study revealed an overall prevalence of bovine brucellosis in Kigali of 2.03% on RBPT and 1.7% on C-ELISA test. These results contrast with results reported in the eastern province of Rwanda, Nyagatare district, where the prevalence was 9.9% (12) , and the results reported in cattle from Kabutare farm's abattoir in the southern province where the prevalence of 7.4% has been found [13] . The prevalence in Kigali city was lower than the prevalence of 4.7% by RBPT and 3.34% by I-ELISA in Luwero district in Uganda [9] . The intensive rearing system, where disease control measures are highly applied, is the main rearing system found in cattle farms in Kigali city [16] . The declining trend of bovine brucellosis in cattle from Kigali city may be the result of high control efforts in selected farms.
Sex
The study has shown that RBPT has given a greater prevalence than C-ELISA test. This is different from results reported in Mosul city, in Iraq where C-ELISA had given a greater prevalence than RBPT [17] .
RBPT may produce false-positive results due to B. abortus S19 vaccination or exposure to gram-negative bacteria that have lipopolysaccharide (LPS) O-chains similar to those of brucellae, which include Vibrio cholerae O1, E. coli O:157, Salmonella group N (O:30) and Yersinia enterocolitica O:9 [1, 7, 18] . RBPT is unable to distinguish between B. abortus strain 19 vaccinated animals and naturally infected animals.
Thus, C-ELISA was developed to overcome this problem. It is capable of distinguishing vaccinated animals or animals infected with cross-reacting organisms from naturally infected animals, thereby reducing the number of false-positive reactions [1, 7] .
Although the difference of prevalence by the two tests was found to be statistically significant, the agreement between the two test was excellent (Kappa=0.92). A study done in Iraq has revealed similar results: there was a significant difference between the prevalence of brucellosis in sheep given by RBPT and the prevalence given by C-ELISA, even if the agreement between the two tests has been found good, with a Kappa value of 0.71 [19] .
This study has given results that consistent with findings from a study conducted in Sudan, where the agreement between RBPT and C-ELISA was excellent with a Kappa of 0.86 [20] .
In India, close results have been reported where the agreement between the two tests was very good with a Kappa value of 0.72 [21] . However in a study done in Iran, a bad agreement between the two tests, with a kappa value of 0.353, has been reported [17] .
For a better assessment of the situation of brucellosis in cattle, it is recommended to use C-ELISA over RBPT [7, 22] to eliminate false positive results amongst positive sera [23] .
This study has given an insight on the agreement between the two serological tests commonly used to detect bovine brucellosis in Kigali city. As the agreement between two tests varies depending on the prevalence [24] the study should be extended to other provinces of Rwanda where the prevalence is probably different to the prevalence in Kigali. 
